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tttt2S eifsfe Al-TflOll CHV JBVZKHKS>2| g5t# EAI*^ 

£ 47^ £ 4209 EAIS TOI 2! AMI £VEI = X§ TOI 3 A121 §7h 5l£E, 

£ 48£ E 47W1 EA|£! TOI *!!Ai21 X^ gV£M g2}5fr AMlM CH*]" »q S Y^ 

gth^ xwion ch^ mm EAims na*, 

E 49= £ 42011 EAIS TOI *«A1&{] SV£|£ Y^ TO I A|SJ X^ ^P£^ Sltf^ 7MI01] CH*i: ^ 

a y^ ^j-v^s earns xrnwi mt §^ 3^(dh«)2i etn £aiu^ nei^, 

£ 50S £ 42011 EAIS W\ 2IA121 fl|3 ESOfl ±B gH 5^01 «gg #E^21 gSE, 

£ 5l£ £ 42011 EAIS API fl!A|2J M£M Ahg£l~ TOI 0191011 SfcWPI SlHJ" M9I0IM2J g 

HE, 

£ 52= £ 51011 EAIS 19101 M S 2^ fctt AH31 E 5121 3-3^# [DEI- eE!^ 

£ 53S £ 42011 EA!£i TOI £¥A|21 X115AI A^E|= TOI THEI10IM ««SPI SMOIMSJ S9E, 

E 54= E 42011 EA|£! TOI 2IA12J J3I5AI AhgE|= TOI 019101°] SHE, 

E 55= E 42011 EAIS AK7I fl!A|2| M2ol~ <=mm EAim= BSE, 

£ 56S E 54011 EAIS API OiEflOIS^EI UEh= AK32J S^l EA|or= AMJE, 

£ 57£ £ 42011 EAIS TO I SAI21 2* QMR £AF21 5! #21 ftS USSPI t^i EAISh= 

JH^E, 

E 58£ E 42011 EAIE! API ®MW SMI EA|S*= £3, 

E 59= E 42011 EAIE! TOI *!!Ai21 S?|2MHI CHV «q 32m EA|5t= HEH^OIQ. 
<ES2J ^a^MOil CHV ¥221 £2> 
10 : 7IS12 : 2^ 
13 : -esOTs an 4 : ZOTg sj- 

15 : ^=#16 : £>W2 
17 : QD| ^18 : #ZJ- SSS 
18a : £19 : 3^ 
20 : .S2*t30 : 3IJ 

11, 21 : TOI EM s3±ArS5l : 9IA|^M 

B ^"S^ S # (Pinned layer) 21- #(f ree tayer)M 5^51-— A^l^^ fiSh (magneto res 1 st ive 

effect) ±Xm AF^fe TOI fflAKHI «S| 2 *fi| W» »«WL >J 

WSUW, AF7I a/401 Ah§ -WSAI, 71CH TOIW ±7HWR ±*t). W\ EM ^ ^WJMR 

±AK Ei^H 6MR) MOI gT3A! SiCh. 01 • TOI 73V Aj» £AHr Xffl- SVOI ^§ ^»V^S B(HS) 

a a #ik wsi- svoi 2i¥ awioii ccj-Bh st^fe'^Ei mm 2in> n^^^ b #°j w» 

BVffl: =E1 #2| Ahth 4^ g-^KHi cpg 73V2J1 UEI-yjQ. 

HE1LK TOIWV ESI- ±Af2J B #2j ArSf SVOI A1S IS^h~ 2?H 0|«"2J TOI73V 221- Dl 
V 22h ^XhM Af^oFOI E"s tl^S °MCHAI^ TOI WM?\ B #2] A^ ^VOfl ^OI£l~ ^I^Oil 71 

g g*S2| B #2F SEI #g StHMDL B #2J Ahil- Stfll- ^El#2] Aftl- BVWI 2J^H(E^ 

Z^Oll) 4»-CH ^£011 CU-Eh «thah~ AlV^M ^ TOWV 221- ^AFM StW-c API {^AiOll 2i 

CHA1, ^-71 TOI ^A1^ ^^2J fe^l A^ITclV aHf 4:A|-7h Bs 7IB)^01I SISE1H, ^71 

2J API 73V 221- ^Ah2J ^OiE 27H2J B #01 AdS J2^Sfe Wffl- ^Vi ?>E^ ^^El^ SOil SiQK 

0121011 2j5r3, B #2J AFtF SVOI AiS I2^o^ AP173V 22h ^AfMOl §a 71561011 ^^£IHS. 
^01 3 A1 ^^I7h ^71 ^A17f- XUS^CK 

a sfgg Qj.s ggo g g 2( . s Ej #1 B #2J Affl- gfVull- EEI #21 A^ SVOfl -2|oH 

vaa %rai 2t£(Hi tDEi- aae^ 73v«i towv -zi\ ±xm w\ aAiej ais^a 
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... SI01AJ, #71 S gg, 7ie#0fl #71 3 #0! 1 AF##t #(0H1 19, BKWW I S ^ 

Xh* #)g 4§ **#££ ^Sol~ ECT; #71 3 #01 1 A}-S#l StfSfe #011 ACT! 97©K?I *| 

*j- TjTt) a^s ak*!#i «#*fe ECT; #71 act 97^ Ate a a a»APi& ect; si #71 act a 
7m *te#2i xftKHi °jo«, a #oi i Ate #21 xm m?m nss^ epoi s*m= 21011 

2JCK 

#7| u^Qfl o|- +S) g §01 1 AF##1 5W5 SOU AWI§ 2J7BPI ?1*> ACT gPFS Ate#OK 
01 S 19. £^ SM ^oH *#EIH, 01 ^ Oil ACT 97^ Ate#0| AJSSCK 3 OS 3 Ml" ACT 

oi^hg Ate#2j m xbkhi ima act^ bw a soi i ai##2j wa- stm nst>o. 

01 2?, #71 AMI 971-g Ate#t *S#sF£ ECTS §90ilAl § OH .#71 S #01 1 Ate#l S«SF 

= #1 D\^m #7i awi 2!?» af##i ^#§fe £CT9 201 seism, #71 act 2!7» Ate# 
21 a>» s*fs #71 ss mm 21*1 rage act 21 gtsa en 201 ssisick 

as**- act ?iym x(##2j aw warn *s»ii i»Ei& AM121 act 97^ ai##2j 99 «# 

Oil SJSt^Q. [Kl-Aj, 01 S9 ^#1 sjSt!- S#H5 SE=. 3 #01 1 Xte*» # 

i ssoii znn ^mt>\ simaisssaai, a #oi i ai##i st»si~ #oii^ 22121 bw.ss na- 
7h ^oii 4= sack oiaoii 21*1. m^. cm isa a^s a #1 oi#2i af7iai 

«■ sH- AXW 7IB#0il a-Eftl XII 51 4> SiCI-. 

a ggo, c£ ChE ggo^ g s Ej ## -5*mHS, 5! #2J AFS- gJtm = E| #2] X^J- mM 2| 
M ^#SJ #CH ZEM CKI- B»tt& *VZ« B& ±AH Sttffe API *«A121 




g§71E| ^01751 2IS5fe QS ^42J XR2J C?a£^ ^#£|0i SICK CCEhAi, A^ (HIEflOl fl 

(HI, XK^ 0131012] S90HA1 g 011, Sl-U^l N^^g^Ei N^°J S^Oil ^2J ACT, 

01 N^£^¥E1 N^2J #=011 S^CHI #St»2| ACT. 01 R^^Ei N^2J SKOfl ?|X|E|^ 

Oil 51^^21 A^l, S 01 N^£S¥E1 N^°l Sl^Oil ?lxi£|^ S=0il tm*je} ACT 71- ^#£ICK£ 56 

a £ 57 □®7hA|^, UH-I-2J S^Oil imO\, 01 S^HJ °^01l ?l*l£l= N^^^EI 5« 

ACT. 01 S^2| #^011 ?|t|£l^ N^£S¥E1 Zm%&\ ACT, 01 S^2J N^£S^E1 ^ 

^^tJ£J XCT, g 01 S^2| §f^(HI ?lx!E|^ N^o S ^ Ei &g*P2\ XCT7I- SSSQ, Sst!" 0| 

i acti ois^£sam s #oi i #hj A^ti- gjtm ns§m, oi^oii EutH g#oii a #bi 
eruo'i ais &n(Q\ s?, ais ^in)th^ ai-71 ^ai7f gomCT aizei 4 saef. 

B ^gSj 0|S qj 3 b^o, ssj, m S/ o C ^ oi^gg ESUjU- VDI s 1T32J ChS2| #Mlt^ ^ 
S^S^EI SCI- S H ^oCT SQ. 

0|§K B SSOil 2|*! XF7I SAI2J ^ AMI #01 g^^l £91 &3fi\0\ ^SSEK AHI I gAIOPII 2IW Ah 
71 il>A1^, £ 12| sa^Ofl £AI£! UhSU- HOL WIS 19, SiOVSI, ^Shi, E~ ^j^^S °M0iA|£ 

asp saw #2i 7ieao), 2?H2j 7^71 Eiy sa- ^Xk2)OK 20, hkdioi^ xmm aa'oo); a ^ 

2| ai HE(40a LHXl 4Df )* 5Et»m SIQ. AF7I Ely sSh ^AK5)(11, 21) 3 HHDIOI^ .AfSlg .3 
^(30)^ 2,K7| 2^ u9E(40a, 40b, -40c. 40d, 40e, 40f )0fl S^EIOI SiQK AI-71 Em 4:Ah 
(5X11) SI Ah7| EM ftffl- i4sWa)(2f)S ^71- §S^H£, AF7I Eiy ^AK2)(11)0| 
^A1 01 « XF7I Ely fi3F ^AK5)(21)21 ^gs 4S^!Q. 

API El a ^AK3)(11)S. £ 22J ^CH S9S01I £AI& Um 1T0L. 5|SS S^E! ^^2J(0| 011011 
A1=, 20PH) AF7I Eiy ^AS 91013LK ^"Af7l Eiy Hlh ^A^, S 22] 1-191 CD3- 
B9S1 UEH-H'S £ 3011 Hh£h ^01, 7IEK10)#0il §901 #£> h «#1 ?= h ^ M^2| 3^ 

02)i 54mm sick a^(i2)g isstf^s Tiei ais ^oiai gi§ uhxieioi sick 

¥ 2R(12)£ £S# HIAh# XHS9 Ta(Cr i= TiOIOiE =1)5 9101 AIH, CH^f 30 nm2] =J)||M 
^^EIOI 2iQ. 2!" W S^(12)#0l|.^, S^(12)2h 19 «#! ^#E1H CH 

30 nm2J =]J||1 ^ Ptttn^S 9S01AI= S!S»# ^(13)01 ^71 ^.#£|CH 

MBT 20 nm2J e H ^ NiFeS ohgOIAI^ €! -«2| &AI# ^(14> U)0| 2| «^A|# ^(13)#01| ^ 
1 ^#E|01 SICK Oil 2W# ^-(14, I4)S S9 S#0I S^fS#OID1 IL ZJ SOI StUmTfl AIS 
CHtfSfES HHxiEIOi SICK 2W# ^(14, 14)S S!2,W# ^(13)011 2]SH W BWOI USEI^ H #1 
?#tlCK &AF# ^(14, 14)g E 42J SJCH S9E01IA1 t^S ^> F (^, ^t F )2£ 

AFSOCK 017IA1, B!i>W# s«13) 5! S"A|# ^(S #)(14, 14)^ &AJ# ^(14, 14)2) ^ ^01 
^1^£S H§£!(^, H§ AFth^l US AF5l#l ?#§m SICK 

2| 2>^# 5U14)#01I= 3-AF# 2|( 14)21- §9 ^#1 ^ §9#(I5)0I ^#£101 SiCK 01 19 
#(I5)S 19 £9 AbO,(AI-0)^ 9101AIH, CH^f 1 nm2J ^#EI01 SICK 

§9#(15)#0il~ 19#(15)2F 7FAID1 CH^f 80 nm2J ^))||2J NiFe^ 91CHA|^ S"AF# 

^(16)01 ^SEIOI SiCK 01 ^(16)S 21 ¥ ACT2J **LW\ ElEh St/01 B&Sfe =EI # 

pis Afth#)i 7#^n, ae*!- 2,^# ^(i4)^s 9101 ai^ a # a asti- as!*(is)»«ni a^ 

71 Em ^#ohH SiCK ^, erSOTfl ^l(13), SX># ^(14), 19#(15), s 2>W# at 
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(16)2 5HJ21 A}7| El a 22) iJK2^ 1M HI 21^)1 ?SS!CL 

zj. sj-nBV^ffll — 2J- »XfcS 5H16)21- S= §9 ?>S Q 01 (dummy) 17)01 2|9I S2EI01 

aa o°i ail W?Ts oii 40 ^ SSs f?te fa-sgl £101x1^ ess mra* flies ? 

a^oi S) h ^ = (|2) °-' a^Xl« 5K13)2| 1°» SEL 2 a B!£OT£ 5f(l3)6KM HHXIS *J #2| UXI- 

7)1 s«3oi Vaaoi aS. •z?aa«(iws sio,s stoma n«f 250 nn °i ^n* a=Q. 

01 •&VS*(l8)ft ■*!. ^(contact hole)(!8a)0| Zf7| 2| QOI BK17)tfO| *«£|0I »Q. 61 

no iffloi 2oi *«aa fsb oiifsoi, a^(i2). tt&xig s«i3). s ag(i9)oii ej*B 
Stt 4 A skis roi Ety ali ±xkMii)oT *ssa. owal sioah sjncsai «bf) 

21 SJlOia aaejOl 23^(19, 19)£W1 ^3 SI 01 2JC1. 

S^(30)S Sst!- X17I Eli 221 ±XK2)(1L 21)011 2f*2| UHDIDIi WWl ¥01S17I 9lt* 20I3L 

#«trss a§»hs.W; ?is(io)2j #¥lh<hi ohbeioi sjq. 

□SOil, Sstl" W\ El ^ 221 ±X12| B£8tft)l E 5 LHXI E 17B 82.Z\0\ flSSQ-- W?L E 5 
LHxl E 12 S"E 14 LHXI E 17011 Al^, S^S «H2J W7I E1S £21 ^lOIXIS Wl El 

8 *5 ^201 ggg Wfl EAJEIOi 2iE>. E*h 0|1 ES0IIA1, 2^(30)21 EA|^ ^ElOi 2iQ. 
oiW E 5(H| EAIS BW SOU S^(12)s Ta£ &M0I2 ^tOI ?ie(10)(0l 31IMA1. 

n «^ab. I «-3«aj, a^(i2). &&7i<s ^(i3)oi 1 ptMn et, a MS skmm » FeNi 

etg 5l¥ A^#(SJ.)0IEh *}a. 

01 AIOI 1 mreg 5j#EIU. tfi 7^011 2J«i 012101 tfi|S|CH §3#(15)0I 1 MA(Al-O) « 
a.*h-|- nmUi, =BI s°l i!-Xhg et(16)M NiFeS °mCH3 2{OI, Oflg S3. 80 nm|j f 

ill i?he3 IbBEiaoi ai« daaa. n $il hoi ski?)« Tas aaoia era « ^ 

0 l ildon mlnira) ioil' to/E 6011 EAIS UK* BOI. ^ »«*CUJ)0I KIB flfl 

2 E 7011 EAIS! UtSF SOL 5h¥ AI«#(SJ)0l gEIg 9|SH 7hSSLh 2 ilh ±S S= S 

01 ««sa. 

QgOII, e SOU EAIEIfe UI2I- ^01, §3#(18)S ^Sf^ SiObS E^OIAIS afoi 2 ^IHPh iAh 
^•OIIAI 250 nm EIES ^IHEIUOII 2|sH SSEI2, 2 CHI Eg oh#9|SSAI. CrS E!#0|X|g fi S 

9011 EAIS um mOL aiAI^M(51)7rEESQ. aiXI±M(5l)=r EgOl ^ ¥MS BAI SE 

s EH Ely SCK 

rig mi E 10011 EAIS U12I- SOI, 9HOIIH01IS Wtl S!7|-g WS.#SSAI NiCoCK E2SEK NiCo|l f 
gg™ iflil MS, lo^s lsaQ. 2 CIS , E 11011 EAIS UI21 SOI MXI^M* BI71S *. E 12 
Oil EAIS dl£h SOI, axil. ISOI §D(Ar aa)QCH Eg o^^SSAI «SS HIFeB «7lttD. 

E 13S 01 ^fllOIIAISl SllOlffiSI gSEOIP-. 0171, E 13tH|A|=, ^ QO\£ SS01I °|oH A1S S^l 
| 7|§oi w^ff#a« m. SJEAISLK E 13B aiA|^M°l 013 IHEiyOII S|«l. Wll 

^^uaTLA^MjCola 1^2|0| CH^f g^Sfg ^2, 2 §£J0| A1S SSS 47H2J °!S 7IS(10) 

d MM Vj8i«aa2 Mis&s xpffiy sai iW(3)(ii, 21)21 ms. m\ fi 

9 WSITOI ?A A17I Ely SlV ±A>(2)(H, 21)71 Vsl BI^E§) UHXISEK 01 iWMH. 

vnx eiTim wa#oi §^21 chzhsoi ststt a^s. cHff 1000 (0e)2i ^ei as xi 

S^OWi E 1321 tl^I AS EAIS I^S XW| 9J7|-§ XhSSs XlSlAISd. 

Qismi 7^|.7)|7^ XOSEh 01 UH, E 1321 fl^a 8S EAIS H12I- SOI, X171I °!71§ X1_S#2J 

§g°%S?#5f JWfl XHS«9 S^OIAI °!3 Xlfll °!71S Xl«g2| Slffio S o, ^ ^ 2 

xct xia^2i ^soiiai °ig w?fl °!7ig xig#2i 5o°g2i gft« xitiim ar^Aiaa. 
o7 ™=oiirx>7i al si Axil's) (TC 21)01 i toon 01 jmsi .mm gwsa^SPfflPv 

2 CIS PtMn°S &M01XIS a^XlS 5f(13)e ^?*l 1,^22 ^SoQ 2Sh S^ XWI(Hex)g ¥01 ol 
71 llOlf 1 "2S SSH ^3 T2= Oi 5^ XI El 71 ^tSSQ. 01 121, §^ 71^(10)^011 

E! li 7li 20IO-. ^, X17I Ely ±21 iXK2)(1l, 21)^ 2f7l E 12| sFtfJtS EAIS 
2§ Xlt^e 71g 501 El. 

7fl^5»Al, E 14011 EAIS U121 SOI, £39*2! NICo 2 ±IHEii!S(E3 9^) MF£Y m\ 2joB 3BJ7J 
E2, E 15011 EAIS bl£l SOL CrOI gDWI 2|»| «|7iSCl. 01 f. E IBM EAIS H12| S^ll, 
S(18a)0l #Z! aa>(18)# #Sfl SS2I2. E 17011 EAIS U121 SOI AlSIOI 300 nm2| ^JWl 
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£0139011 2\tt ggaOl, Al 5|0I m& Hiaog y^\Q\ ^ 2^(19)1 **&ZiO. 

3 Di. £ IN EAIS HE (40a LHXJ 40f)71 7IS(10)Ofl SS2IH. X17I Elti I^^K'U 
21) S a« (30)01 S3 uBE(40a LH7U 40f )7h 2*71 ST^SQ. DKIB12S. 150 n»2J J^JDJ ?£= SiOS 

aiwras sKSAiasq as) a 1000 nm 2j ^imi ^ sins Mqm= ^#9*1 Wf *>'™ 

b VI*^ MSM 2fW IBE(40a LHXI 40f)« JnSAISO. *l^?flA|. 71301 ^33 

SalSdl Tgrindir^) (sWfils S?0 6)513. boi'gOl 2»| 3HS Wl 71501 BEISIOI. DOTSf 

£S EH7IS0I 4=t8SP-. 

EAI a X* W SJ X*M 




uerloi xi7i aff 4=wa)(ii)2j mr his rasa sasfe a* RJiaa x^ 

wf*S ffi WflW EH*| 3711 g&ISQ. OI201I 2|t|. X17I Efld 521 ^XK2)(H)0IAi. 3 S « 

si wsistfoi x^oii its s ids 2101 sraaaa. 

o'wwa. e imi eais »7i ay 221 AWa)(2i)oi eh«i. x^ gw a.v* *t*EL*P 




2oi sraasjo. 

EisfsmS akwes #)S si£3 qissQS a SOI HI AIMM- DICK 2 

s wawsT oi nasi mm |C □son asi m 1140121 assess ai ^ai 01121 a± cisa. 

a fl|2 ^AIWIMAIS. E 22011 EAIS H121 SOL 30 nm°J = H||M ?>= Ta£ 21101X1= SI.. 30 nm£| 5p 

mm »s **e smowIiV a 40 msi.-?]!*. #s ni Fes. 21101 xi=r sjoi ^fflEigoy sw tis 

(15)1 Wtfo . 3 *IOfl 4tt n«fi| ^ NiFeS ?f 91 40 nm°1 ?Wf TaS S!" 

MCHX|= e|0| SSEIO) ^¥ »«®(0J)S «atci-. 

■)^l ^ i S sHA^ E 23011 EAI^l H(2h SOL *J-^ X|-«S(UJ)S SEIS *I?H 7^92- E 24011 EAI3 dl-Sh ST 
oirl^'A>«i(Sji ; Sail l » EAIS Um SOL SiOPh 250 nn£| ^Hl 

g e|S ««S(E^ iiHEIHaOl sZt S3S(18)S n^UM E 26011 EA|=J UI-21 

Soi^aa g(\8?n #2J- 19S(l8)m S£SCh TII^SHAI. E 27011 EAIS 012} aOL.AlpI 

3 cfs. E 28011 EAIS UK? SOL SIO a SINS SSOIXIS S25|(20)0| CVOOfl 2|5H SSSQ. 
QS01L E 29011 EAIS HIS! SOL ES SlS^o £Ai C rS &MOIX1S S| 5J NiFeS SJSfflWp -Wl 

6o « a 50 nnsT^rag ?^es ^iHEigoii eitH *aa'n. ai^hal e 30oii eais uw n mp\, 

aiAI^M(5l)71 EiSCh afxiEM(51)= ESOI ^= ^Ml SA| StES i§2J *^o S uB 

Ely SQL 

CieWI, E 310fl EAIS UF21 SOL 91IOIIH01IS A>2 2J^g W«»£SAI NiCaJl EgSQ. NiCo°J ^ 

^ wil P io 5s- « saa. 2 as. e 32011 eais aisi soi sitis «. e 33 

wi" eais uet sol fa f aoi an (at aajacw es si#^sai *ss NiFeg a^ao .01 

'Smmai aoiffl* E Tm EAIS SeH71 SQ. 01 ^EHOIIAL ^ XWI 2J71© XHSSOI = §f> 

*a aswaM b«« s^I ch> imo <&)2i ^em ?>s aitipi soixl e 1324 amtx as eai 

S Bt'SS »7I e!71§ XH§## XlSAISa. Ol A>?l|71 aTlSCL 

01 OH. A17I Eia H21 ±AK2)(lf. 21.')0| S *WN, Oil ¥^2| sm F 01l IftT XWI71 NiCo 

aaT 4 7i^(io-)^M s«s Eia asi ^waxir. 21m Aie as ^(01 3^. me. 
Ifip? Vo^s : *»ml"sfe a mjis 3SDIO. as oiys «ei7i sss *. e 34011 eai 

3 uhF SOT Eftl NiCo 5 II S^ NiF&r^OI 2JSH SITian, E 35011 EAIS UI21 SOI £i 

ShSetCrOI 9ISM 21*1 aSaCK 01 Mil ^AlOHai SAtth X1EI71 ^iQ. 

0121 301 fll5 E ' E 1(HI EAIS X17I El a 211 iXK3)(H')01l CHSH. X^ >&L f S Stf2| 2,"-^2J 

3 3 32171- E 36 °-' E 37011 EAISCL E 36 a E 37M^E1 SS|^ d!2 SO , X17I El^ 231 
&P)(7m»*l£» 4Sf£3 Sa«te 21* AITHMQ X^ «tf£S asms 21* »?fl01l ch*» 

aS eaaaa. oiktw w\ Em sai ^akskidoiial n s ssj naKtuoi x^on sts 

SlCfe 201 212121 21C1. 

OW1XIS E 101 EAIS X>7| Ely 231 v±W(a)(21' Wl CHSL X^ S^f S St, F 2J ZT^Sj §M 
0>a ^7171 is»fe 21" A1SI71 |}7ia01, XWI71 2J71 V D|S| W ^5ls MR (MR U|» ?SttL 
□ 1571 E 38 S E 39011 EAISCL . E 38 3! E 39fL¥Ej StTg H» SOL X17I 0y =21 
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£ a«S^ES(^, A1S Q2£i) Uga S §1 ?>= £>H2| XK7I Ely 221 4XKXK>I XttJ- E2h 4 

xni 7ixi- 201 »e!tiaa. 

2 dKtt SOI, «M ^AJOII 5! 02 fiJAIOWH 2|*J- XPI **M=. 7I3(10)6K3S S'SOOfl, 5! # 

2i xisi ewoi ais i2*m=(sj, a #21 *ioie 221121 »a wvoi o°<* i8o«oi2i2i ^ei 

HR71- 21= 43 W\ SSAISAKOai §3. XIXr7l i«A| 1) AJ^S 4 S!D. SESh gA|We21 
&tt(H °|5r3, .011 iSA1= eOIShTfl Xfl41! 4= SIQ. 

0171, 11 AIOHWAI&, PtMnOI US Xl5r#0il AtSEIHS. SIIOILtPl £l£OI HgOl El= EKJISMA1 K 

si#2i s #01 nsaoiot t»o. hkfai. at ^aiohmai, siioihs stswupmm ^Eip cvp 

xW#m. mssq. MnRh erg us oi.y9.»Ei*ofl as us *ttas api 

crew, w umnM=, us ays aepi a2 D 4i «sspi cvo sou 21^ xiei?! 

a son <4saa. 

St!-. S£tt II gAIMI SI HI2 £»AI0«2| XII 4 *S Oil 21813. 2SSH2X1 olS 21^ XMOfl CHSH 
sg§ LlEi-LH— X17I Ely 2 21 i»(2)g SI 4 21Q. 3. X^l Ely 221 ±A>3(11, 21, 11V, 

znm s hBi -jw awa- lasKs Sfifflow 37171 easts xkhpi 37r§ n. a 421 was, £ 





:i. 

ccs i- £ |3©£^E1 S^t^ U121 SOI, ^ X171I 371S Xlg#! 7£§rS Eg 9|(NiCo)0| E I32J tl 
Is a! SAili AS SttSB X>i Slffl, £3 rs»2| Xhaoil 2JsH Eg SMiHHI msas w 
H2| S3 s»2| Xia *tWl E1MAI3, E I32| tmS. BS EAia Ulfih SOI ! =f «K09 S 

SOfl «4fOI 1 2101 CI. [QE1AI. Eg ^(M)2) 33 S^(snd surf ace) 01, 0111 f 3, E 4I0J 

EAia uiai Boi-^Tian Eg stoi a#a cs eaieis a^s wsias. d&rsi wonts is 
emSs ? »4o* 5s' xm?y siioiin^si mti «»« ^ sio. cceiai, on 01 

sti° s.w , 3^ 7i5('ea s; ^-oii a #21 xiti stioi ais a^tsi-s xi?i Eiy sii ^xktmri, 
tSkmI* ifcaS aSfsa al »»5a as w?i a.y hsi ^xktmri, tmr2)i -astr ^ 2iQ. 

»]1 a* X1I2 £A|0||2| X17I i»A171 
^SEIOl SiO-. E*L 01 X17I 
SjiSSlS U*f21 X17IIM 3 

SE1 ?35||Sl£S ^3813- 01 XPI t!!A|(60)= E 42011 EAI3 U1S1 SOI S30IIAI A1S ^aoHp 
oj y«j rrLpi. tag S-S-fCHSf §W)SS'0|il, X§ S! Y^Oll ^!iil5r= S^2| Sj-g . =)H| 1 ?> = 
WYeSI eio^fe 3M ScATPfSKBOa). 01 l(60i)!gOfl WSS t-M SMR iXK.61 LH 

XI 64, 71 LHXI 74), 01 S(60bL)gfDfl «7I 87H2I EHE(65 LHXI 68, 75 LHXI 78), <3i uHESll ± 

Xlii g^o is s^i strain 2iC|. 

XIII X§ GMR 4X1(61)=, g(60a)2| St. 1 ^ CH^F S9"Y ^g OlEH^OHAI X«S| I g2j L,|fSf§S S 
3*011 &SEIOI 212. E 420fl-.SltfSS EAIS UfSh SOI, 3 #21 H§a Xlsl -«tfg X 
£° \ sai r&tbTu M2 ' X% 6MR ±XK62)S, S(60a)2| Y# *tf2| ClfSf g°fl- 5g ?|^OilAI X#2J 

a W-BrtlS X#2| §21 tttfOIO. W X# OMR iXK63)S. g(60a)2| V^f^ CHSf »»- ZEg 
&SMAI XIS §2| :^2S S(60a)2| S»W ^SElil, E 42011 ShtfSS EAIS UhSl SOI , a 
#2| a«a Xl$l BWS X#2| gel StffllO. . SI4 X# QMR ifcXK64)S, S(60a)2| V* _a«SL I CHJf f 
§4 5g O^ofAT X#2| S2| atwg g(60a)2| 3¥ 3*011 ^SEIH, E 420)1 5l^5S EAia 

uisisOi, a #21 nga xisi stfs x#2i °«2| stroia. 

BM y# GMR iXl(7l)^, g(60a)21 X# **f2| CH^f S2T¥ 2g 5r#0ilA| V#°l °f2| gf?f2S §(60 

a)°i s^aafoi *iaa e 42011 srWll EAia disi soi, a #21 n§a »» avs ^ 




5r#01IAl V#2J §21 StfSS S (60a)2| ■ 3" 3*011 

#21 nga xiti **fs y^ei §2i gjtroiQ. 

QMR 4X11(61 LHXJ 64, 71 LHXI 74)S g(60a)(HIA|2| 3 9\t\ 5! 3.(60a)0i WZTE ! f 2J 2§a Xltl 
gtfOI C13Q1S 21 X1I2IS1I! A1S ^l^SS §^t^ ^?51 [Cl£hAl, 3 75= WH Xi§ GMR 

4X1(61)! IHIOaSAI A1§SKJ1 01$ -^SaCK 

X1I1 X# GMR 4X1(61 )=. S3E3 E 43 3j E 432! 2-22! IttEr S32f »S» W X# GMR 4X1 
f61)2| JHSf 33E3 E 44011 EAia 0121 SOI, 43 ^(spin valve filn)(SV)£S 3aO|XIOt.V 
# *tf«S gmfm ^Ol CO «^l(61a...61a)21, 21" ^01 S§ ffl S^(6la)2| 

^T°| °°3V2| §r*WI ««a CoCrPt §2| SI ^XrSfflS 3101X101, aXr§? Si SS ^ 
HKsquare ratio)! ^S 0101014 XW^(61b. . .61b)l! 5^r2 SIQ. W I || ffl 
(6la...6la)S 2f7| 2| U10ICH4 X1^5|(61b)2| ^321 X# St f 2S 3 §8101 32 Wl Kl 
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(6iawatma so. 

W X§ GMR £X|-(6I)2] ±E U JM S«SV)S, E °f ^(W 2|tH EAia U|S} SOL EE] ;S(HE| 
Xr£r#)(F), 2.4 nm(24 A)2J Cu£ SmCHXI^ E2«2] ^BOIAJ *(S). US XWS(P), 

3 71 5» ?«Sfe g(60a)0i| 3^ s»E|£ 2.5 nm(25 A)2] ^JWS »S EJ^(Ti) EES &iTB(Ta)2 
£ S»OIX| = S(cap) §(C)££ ^2EI0i 21Q. 

«?| §(F)£, awo| 2]^ 7}?J2| gJtfOS CQ-EF gtfefe #0|H, 7IS(60a)2| US SOU 8 
nm(80 A)2] =n* 3££ CoZrNb OrMIH^ XrS#(61-1), CoZrNb OrME^ n3ft(61-1)gOI tt«S 3.3 
am 33 A 2] ^Jfflg 3J£ NiFe X r £i§(61-2), SJ NiFe Hgft(61-gtfOI «gS CH«f ' LHXI 3 nm(10 LH 
73 30 A)2| '=mm SS CoFe #(61-3)SS ^SEIOI HQ. CoZrNb OrMffl± XhS#(61-l )2r NiFe XrS 
»(61-2)§ 91 2*1-2*11 ^ftS ^SLQ HQ. CoFe #(61-3)S" NiFe *(61-2)2| Ni S ±10|A1 
#(S)2] Cu(61-4)HJ sw+g ^Xieh^I ?m 20ICK CH7IAL S«|- dh0|0i± XK45»(61b. . .6lb)S £ 
El »(F)2| EtttA&l OlttflB 8XIA0I7I = g #(F)0il CH^H SRKE 43CHI SttSS EAia ^ 

9 bwjss hkjich± x^ie ei^ioFn »□. 

XEr#(P)£, 2.2 nm(22 A)2] ^JJilM S£ CoFe Xr2#(61-5)2L Pt2] 45 LHXI 55 §XS 5*»fe 
PtMo ■"»SSS*E| VgEIDI. 24 nm(240 A)2] ^lJil! ^ *K61-6)« Sj#t!" 20IQ. CoFe » 

S#.(61-5)0||£, W»S BEOTg sr(61-6)OI IE® SiCH W» WI9)0| X« 

°i g°j _st f 2s s(ns)Ei^ s mm 

om soi ^2 a hi gmr ±xK6im, e 462] ga^s EAia hi-si- sol -hc oui +hc£] gsioii 

A] X** [K r w^fr 21 ¥ XKTO CH^f U\m\0\ etttfe JW2» LEK.HH, £ 462] EAI 
S BHU SOL CEEI- ffltiee 21^ AWIOii CHoB CHBf BIStt UEK3Q. 

X^ X|7| iSAjfe, E 47°| §71- tlSQji 2]*H SEA|£{ df£F SOL It LHAI lU X^ GMR ^WB! LHXI 64) 
2] B HaX|(ful1 bridge) S^(HI SJ^H ^aElffl SID. 0I7L £ 47QilAi^, Sr4 h SM^ GMR -fcW61 LH 
XI 64)2j S US & ws UERHH SID. 0I2F S^ ?SWAI. uHE(67) S HHE(68)^ 5* 

J\ §3§i(EAI£lA| Sr^)2j ^ g^(HI ^1 S^EIOi> Vxin+(B (MliHiAi- 5 V) S Vxin- 
(B Oil Oil Ai^ 0 V)g ^Olti-Q. 3 CrB, 5HE(65) S KHE(B6)BJ g^OI SS" Vxin* ^ SST Vxin-^AI 
IHLHXIH, D. S8W(Vxln+ - Vxin-p> ®M • •«q(YKaut)£SAI WLHSD. 01 S3K X^ W\ QM^. 

e .482] eai a my sol -hc odai +hc2| ™m\M xmm im 21^ xwiwi ch^f hi 
aioioi ^mi^ aa-(vxout)s uei-lhh, e 482j Ei-a^s EAia uei- sol y^i cp-ei- sti-oi- 

~ 21^ XCTICHI CHoB CHq= '0' S£m Ltayj.Q; 

Y^ Ah7l ^ Ai—;. XA*»7I S^rTfl 7311 UW ; » » GMR -fc»(7l LHXI 74)2j M MEiXI S^Oil 

2J^H ^SEIOi .2Q. EtL 1E(77) S SHE (78)^ ^1 §a^(EAI£|A| ST^)2J ?R g^OJ 
HOI, aa h Vyim(S DHOilAlfe 5 V) a aS Vyirr(B WMAIS .O.V)S ¥Oltra-. 3 QM, uHE(75)2|- 
5|E(76)2| aiWt a'AI g^(Vxbut)SSA1 WLHSQ. . 0| ^HK Y^ A^l a!A|^, E 492J U^^S. 
EAI a UKU- SOL -Hc CHI Ai 4ic2J g?|(HlA| Y^# CQEf- ^tro^ 2i¥ ArTIIOfl OW .Uia«KN Str^r^ 
^ a^ h (Vyout)# LIEFLHH, E 4^1 ^2£ EAia fcftffl- SOL X^M CElEr ^troh^ ZI*'»3BM CH 

QgDiL SfttJ Hr2h SOI XPI tOAj(60)2i 731^^01 ^.SaQ. 5J7^, E 5G2J ISEOil -21*1 

EAI a Ur2h SOL 2^ iM °|(SV) S dfOIOi^ Ar^5V(61b)^ °>MOiAIC« PH^ 

±Xm ^2| 5KM)0L §W^2| *JS SE r ^(60al)^KHI SOI ^SaQ. 01 ^(M)M^ i 

3^ &Xie Ahg^hOl gStl ^JUI^ 9^ ^#(HI 2Jtfl S^aQ. Oltf ^(M)^, ^ ^tS5LI^ 
SgQII 2|oH E 502] Kk^ii CKF ^E r ^(60al )7\ BBSEICH E 43CHI EAia 7H« fi(BOa)SS ^E| 
1 (ID, E.42WI EAia GMR ^Ar(61 LHA| 64, 71 LHAI 74)2| '91X101 £|*IE|£^ EtL 
gE^(60at)2| 4 3L10il ST^g HS|»(& 9««S| «6W BaaaS(W« IS) OFH(60b)7f 

^^aQ. 

DSWL SSE21 E 51 S! E 5I2J 3-32 ^ COEI- SHSS "eaO| IBa E^E2i E 52011 EAia Hr2h 
iTOL ^^2J §«^2J £h#§0| SS- -tSfe^S X^ ^ Y^OII ItStl" § 

^MBMOI X^ S! Y^Oil CD5I- AIS MTiEl ^OiXI &^2J MEilOI^(81 )7h 5UI 

aCL □ MaiOIM(81)2J ShMSCHI SS^SI- CH^f S~ SS«2J ^ ^^31 

2] bh XKsj(82...82)OL ARO| Hh AKsj (82. , .82)2| E^OI §aiO|M(8l)Qfl § 

tSt r 7il EIE^ ^SaCK 01 [EfL Ur A r ^(82. . .82)S, 2| HI- AKs|(82)2J AR2J ^^01 513 
TiEl 101X1 2im\= QB §^ Hf XW(82)2J ^^Hl- HHxiaQ. 017IA1, Af^EI^ S^? HI- 

7J4sj(82...82)S SBtt H7I2J XWKngnetlc charge)^ ^CL 

tmm, E 532] S3E(HI EAia br2h SOL CH^ C 0.5 mn£) ^if ? r X|DL 2^ 13101^(81)2^ 
CH^f S£ f.St^S eE^S EJB MSI0IM(83)P|- 5UISD. 01 M«|0|M(83)^ Si 

» ^"S.aai(60a1)21 gEI2i°!M oe(6Cb)2 r ^^1-01 flfl 9S«h7l ^lofl 4 HUOil ^jXh^2j HSK! 
aM(?|» IS) Dr3(83a)M ^>il aQ. E*L S^^Oil^, 2s*"- M2«0|M(81 )0|| ^gE|^ 
Hh (82... 82)2] 21^011 CH^o^ ?IS0i| ^Er2J2IM 0hH(83a)7|- S^aQ. 711 ^oHAL E 54011 EAI 
a Hr2rS0L H r XW(82. . .82)21 S^IOfl. 2JvH #^1101^(83)2] SHWQaraa. 01 OIL 

S£ilO|E(83)0il CH*!" Hh Xh^ (82. . .82)2] o^,^ g^oigE 0^H(83&)1 AI€t,^S-W l§a 
Q. H'Crg, o^^^^EI ■aO|M(81)7l- aTlSQ. 0! EM MAI," HF XH^(82...82) g 
MaiOI^(83)^, XR# SSS2J ?fe ^^2] S^X^OI S^X^2] ^XFSOil «Hxl£l 

H ^ g^AW2| XR2] ^£01 5IB7IEI §OiX| 2!Sefe Cf# S^?XH2] XR2] QiEi ^ 

2a XW Dial DIM S^§>CK 

□801 # E 550il EAia Hh2r SOL GMR ^X^r £l~ ^(5! #01 E|£ X^Sl 5tm^ US 
Xrt|#OI El~ Xr^## iti^^ #)0| ^^El^ ME^(61a1)^, GMR ±J\7\ EIS ^"01 ^^E|^ 
301 SdlO|M(83)2J S^EIE^ ?|^iaCK #&II0| £(83)0il LWtt ^2 SEh^(6la1)2] ^ CH o,^, 
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-, ^eesiM oe(83a)2i sjmm sat* Haass oia(6ot>)2i ^xmo\ M?\m *w mz\ 

E 56^ ggei- gqi Ui . A}*! ( 82. . .82)2] 4JH7F WLHS EAIofrr AMIEOIQ. 1)1 ESSS^EI 

S«th UEI- ilOl, S7 d| XHs}(82...82)2| flMfe. *li2| N^tHIAI S3 ?)B|£ 01 N^Ofl °J2o 

E4E011 EAI*! HBK90I. E Sm EAIS eaOIM(83)2| 6*30)1 iai(6l«l)7| _w«a= 
OflAI, Ys|2| 2j°l StP. X§2J g°J Sif, Y^2| §2| S X^2J §2| AWL o!U2| 

2| S^S BS2| 2} SOU gtSs^l ?| *|E|01 GMR 4 API- 1 9HHI episa. 

e tfAIOflMAJfe. 0|2| B-g PI Oiett£S«. Hg KM (P)(DS *M»(P£I ' S *)| »» WW 
S HgSfe 1*1 EP1 ^- E 550fl EAIS 4f£H CHI A1 . MaiOIE(83) SJ g3±(6lal)^ 

gS = (CL)0)| °iM A13 HgEIOI, 23S01IA1 250 X LH73 280 *C5 7HEIH, 01 £EH3 4AIZJ" » 

asp-. 

01 S, 4jS ge^(6lal)7h WLHA1I1, E 42011 EAIS HH=(65 LHAI 68, 75 LHA| 78PI- S2EIH. OIM 
2P| ^3= E 42011 EAIS API *!!A1 (60)21 Hlii- SSSta. 

OSM. Sstl- API i«A1(60)g A|g5l= AIAPI2) sig2| gUPI- «9I!Q. 01 430IAI, E 580)1 E 
Al*l H12I SOI, ^?|2, v 6>(=g2|)£ API t<! A) (60)2| V^2| ?f2| g*fO| y^t tfff till 0* S §21 El 
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